Naturally occurring ecotropic murine leukemia viruses can be classified according to their host range as either N-tropic or B-tropic depending upon whether they grow preferentially on cells derived from NIH Swiss mice (N-type) or BALB/c mice (B-type), respectively (8) . Inbred strains of mice can be classified as either N-or B-type, and this phenotype is determined by a gene called Fv-1 (22, 23 ; reviewed in reference 19) . Restriction toward a virus of the "wrong" tropism is inherited as a dominant trait. The restriction of viral growth on a cell of incompatible Fv-1 type is relative rather than absolute and occurs after virus absorption and penetration but before integration of proviral DNA (13, 16, 17, 27) . The viral determinants of N-or B-tropism have not yet been identified (11, 24) . The Fv-1 gene plays a role in determining susceptibility to leukemogenesis by N-or Btropic murine leukemia viruses presumably by retarding the spread and resulting viremia of a virus of the wrong tropism (see 19) .
Using plaque morphology (9, 25) and N-and B-tropism as genetic markers, Hopkins et al. (12) have presented biological evidence for recombination between an N-tropic virus that makes small XC-plaques (SP-N) and a B-tropic virus that makes large plaques (LP-B), both derived from the BALB/c mouse: after coinfection with SP-N and LP-B they obtained viruses, called XLP-N, that are N-tropic but make large XC plaques. Hopkins et al. (10) have also obtained evidence based on antigenicity, that XLP-N viruses are recombinants. We were interested in extending this biochemical analysis, since analysis of a number of recombinants might prove useful in identifying and mapping the viral determinants of XC plaque morphology and N-and B-tropism. Famulari, O'Donnell, and Fleissner (personal communication; see 11) have shown that three virion proteins of some N-and B-tropic virus isolates derived from BALB/c mice can be distinguished by their mobility on sodium dodecyl sulfate (SDS)-polyacrylamide gels. These are p15, an internal virion protein, p30, the major structural protein of the capsid of the core shell, and gp7O, the major envelope glycoprotein which is responsible for specific absorption of C-type viruses to cells. O'Donnell and Stockert (20) have shown that these viruses also differ in their ability to induce G1Q, an antigenic determinant believed to reside on gp7O (28) . These observations provided us with a means of asking if the putative recombinants obtained by Analysis of these viruses for the ability to induce the Gx antigen has been reported previously (10).
MATERIALS AND METHODS Cells, viruses, and media. Sc-1 cells (7) were grown in Dulbecco modified Eagle medium with 10% inactivated fetal calf serum and antibiotics. The origin of SP-N (9), LP-B (B-clone-18) (15), and XLP-N viruses (12) has been described. XLP-N viruses were purified either by plaque purification (12) or by the microtiter method (26) .
Virus purification and gel electrophoresis. The preparation of virion proteins for gel electrophoresis has been described (11) . Briefly, virus was purified by banding in sucrose gradients and then pelleted. Electrophoresis of virion proteins was on Laemmli (18) slab gels as described (11) . Immunoprecipitation of the p15 virion protein was performed with goat anti-AKR p15 serum using Nonidet P-40-solubilized virus followed by precipitation with pig anti-goat immunoglobulin G. The antibodies were a gift from Nancy Famulari.
RESULTS
Parental viruses SP-N and LP-B possess p15's, p30's, and gp7O's that each differ in electrophoretic mobility on SDS-polyacrylamide gels. Virus was purified from culture fluids of Sc-1 cells (a cell line that does not exhibit Fv-1 gene restriction) infected with either SP-N or LP-B virus and disrupted with SDS, and the proteins were separated by gel electrophoresis. Figure 1 shows a slab gel on which the virion proteins of SP-N and LP-B are visualized by Coomassie brilliant blue staining. The identification of p30 is based on published data (1) and on a comparison with molecular weight markers (Fig. 1, track 1) . The identification of the p15 band is based on unpublished observations of N. Famulari and E. Fleissner (personal communication), on published data (1, 14) , on a comparison with molecular weight markers, and on the fact that this band can be precipitated using antiserum specific for p15 (unpublished data). It can be seen in Fig. 1 that the p15 and p30 proteins of SP-N and LP-B each differ in electrophoretic mobility: the p30 of SP-N runs slightly ahead of p30 of LP-B whereas the N virus p15 migrates slightly behind the p15 of LP-B. These differences were observed not only on the standard Laemmli gel system (18) , but also on phosphate-buffered SDS gels (6), 6 M urea phosphate-buffered SDS gels, 6 M urea Laemmli gels, and low-bis Laemmli gels (5) (unpublished data).
gp7O was visualized by autoradiography of gels containing virion proteins labeled with 14C-amino acids (Fig. 2) . The gp70 was identified by comparison with molecular weight markers and by the fact that this band could be labeled bands has been noted, and sometimes the result of this variation is to give the impression that recombinant virus gp70's differ slightly from those of either SP-N or LP-B; however, we do not know if this difference is significant. Table 1 is a summary of data from this type of analysis of all 21 predicted, we could now ask whether clonal isolates of XLP-N virus possessed p15, p30, and gp7O proteins with the electrophoretic mobility characteristic of the corresponding proteins of their N-or B-tropic virus parent. Sc-1 cells were infected with each of 21 clonal isolates of XLP-N derived from seven independent crosses of SP-N and LP-B. Much of the information pertaining to the origin of these viruses has been reported (10, 12) . It is summarized in Fig. 3 . Figure 4 is a gel on which virion proteins were loaded at a concentration optimal for visualizCoinfect Sc-i cells (8) coded for by the so-called gag gene (23, 29) , and since the "rules" governing this cleavage are not known, other interpretations can be imagined, and studies on the primary structure of the proteins involved would be necessary to confirm this simple interpretation. In any case, that XLP-N viruses inherit proteins with the electrophoretic mobility characteristic of the corresponding proteins of LP-B virus would seem to provide evidence that these viruses have inherited portions of the LP-B virus genome that determine the molecular parameters of those proteins. Thus, the results presented provide evidence that XLP-N viruses are genetic recombinants.
Of the 21 recombinants studied, 16 possess a gp7O that comigrates with the gp70 of LP-B. Only 2 of the 21 recombinants possess a p15 that comigrates with the p15 of LP-B, and none possesses a p30 with the electrophoretic mobility of LP-B p30. Recombinants obtained from any one cross could have arisen from a single recombination event, unless they have been shown to differ in their virion proteins. Thus, the minimum number of independent recombinants studied is 11, of which 7 have a gp7O with the electrophoretic mobility characteristic of LP-B virus gp7O and 2 have a p15 that comigrates with p15 of LP-B.
If one makes the assumption that comigration of XLP-N virus proteins with those of SP-N or LP-B implies inheritance of the corresponding gene from the N-or B-tropic parent, if one assumes that recombination is equally probable along the genome, and if one also assumes that the only selection pressures oper- 
a + or -refers to the ability or inability, respectively, of Sc-1 cells infected by the particular virus to absorb cytotoxic antibody to Gx. These data are taken from Hopkins et al. (10) . b"Slower" or "faster" refers to the relative electrophoretic mobilities of SP-N and LP-B virus p15, p30, and gp7O
proteins.
e-Electrophoretic mobility of the gp7O of recombinant has not yet been determined. ating during isolation of the XLP-N viruses were for N-tropism and large XC plaque morphology, then the data presented above have several implications of biological interest. (i) That an N-tropic virus may posses a p15 or gp70 protein like that of a B-tropic virus implies that tropism does not reside in either of these proteins (10, 13, 17) .
(ii) That some XLP-N viruses, all of which make large XC plaques, appear to possess a gp7O derived from SP-N, which makes small XC plaques, suggests that large XC plaque morphology is not determined solely (if at all) by gp7O (10) . However, that so many recombinants inherited gp70 from LP-B might suggest that the determinants(s) of plaque morphology lies near the gene coding for gp7O. (Note that these results do not exclude the possibility that gp70 is involved in the formation of XC cell syncytia.) (iii) One interpretation of the observation that all of the recombinants studied so far inherited a p30 that comigrates with p30 of SP-N is that N-tropism might be determined by a gene that is closely linked to p30. We have obtained other evidence consistent with the possibility that p30 itself, or a gene closely linked to p30, might be a determinant of N-and B-tropism: murine leukemia virus variants that grow equally well on N-and B-type mouse cells can be obtained by forced passage of a Btropic virus through N-type cells in vitro. The resulting virus is called NB-tropic (1, 11) . Eight NB-tropic viruses independently derived from the B-tropic virus of BALB/c by serial passage on NIH Swiss mouse cells have been found to possess a p30 with altered electrophoretic mobility on SDS gels (11) . One of the eight possessed an altered p15 in addition (unpublished data). Both the apparent linkage of p30 and Ntropism in the present study and the observation of an altered-p30 in NB-tropic viruses could be explained in a number of ways that are unrelated or only indirectly related to the tropism of the viruses (see 21) . However, it is interesting to note that the possibility that a protein present in virions may be a determinant of N-or B-tropism is implied by the studies of Rein et al. (24) and Bassin et al. (4) .
Since RNA tumor viruses are polyploid and can form heterozygotes (30) , an alternative explanation to recombination for the results we have presented might be that XLP-N viruses are stable heterozygotes of SP-N and LP-B genomes and selectively express, or package, some proteins coded by one genome and some coded by the other parental genome. Evidence that XLP-N viruses are recombinants that inherited only some of their genes from their N virus parent and others from their B virus parent comes from analysis of the RNase Ti-resistant oligonucleotides derived from the RNA genomes of parental and recombinant viruses (Faller and Hopkins, unpublished data). This analysis reveals great similarity between the genomes of the N-and B-tropic viruses derived from BALB/c; of approximately 35 unique oligonucleotides generated by RNase T1 cleavage and two-dimensional gel electrophoresis, about 30 appear to be shared between the two viruses. However, each parental virus possesses six or seven distinctive oligonucleotide "spots," and the XLP-N viruses that have been analyzed so far have been shown to possess different combinations of N and B specific spots. The simplest interpretation of this result is that XLP-N viruses are genetic recombinants as suggested by the biological evidence (12) , antigenic analysis (10), and the study described above. 
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